


[bookmark: _Toc71924856]Introduction
FSG tool and die is a company that does a myriad of different tooling for a variety of different companies, the company specialises in can and end tooling, tooling for foil packaging, plastic injection moulds, press tool design and manufacture, thermoform tooling and precision machining and prototype manufacturing this being the case the company was approached by Ilsemann to develop a new resealable end canning system for drinks. There are many technical difficulties to overcome when developing such tooling and this being a new and different project for the company a team within the company was formed to tackle this problem along with some expertise from outside the company to produce a new system that would meet the requirements of Ilsemann. 
This report will examine the management style of the project also how the project progressed, the problems that were encountered by the team, how these problems were overcome and the planning of the project. This report will also discuss what was handled effectively in the project and what FSG can learn and use for future projects that the company will inevitably do I the future.
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The goal of the project is to produce a system that can exceed the current operating speed limit of the current system employed by Ilsemann of 200 strokes per minute, reduce the downtime of the system due to having to clean away waste material and provide an easier method of collecting waste material from the press so that it can be recycled, with this in mind the first thing that was done when starting the project was assembling a team of capable engineers and designers to confront the project and give their input on how this should be done. The managing director oversaw the formation of the team and would select the project manager for the team, once the project manager was selected, he then helped select the remaining members of the team which consisted of another four members these members will be referred to as colleague one through four. 
Looking at the members that were selected for the team and the managing director himself we can assign Belbin’s team roles to the individuals in the project and also cover some of their background and knowledge that were behind the reasons for their selection.
Managing director – (co-ordinator) the managing director was responsible for dealing directly with Ilsemann and coming up with a realistic time table for completion of the project, by selecting the appropriate project managers and team members and overseeing the project the Co-ordinator team role fits the managing director.
Project manager – (Specialist, monitor evaluator) The project manager selected has a background in press tools having previously worked in crown and is a specialist when it comes to this type of tooling, he would also have the final say on design changes that would be needed and evaluating how the project is progressing.
Colleague 1 – (completer finisher, shaper) colleague one with a background in programming and machining complex components on cnc milling machines, is used to dealing with scrutinising components to high standards and is a very motivated individual able to drive the team.
Colleague 2 – (Implementor, team worker) - Colleague 2 is the tool build team leader at FSG his knowledge of tools and how to efficiently carry out the plans and building process of the tool was very important to have, he also has knowledge of a variety of tooling and is a people person.
Colleague 3 – (plant, Resource investigator) – Colleague 3 is the lead designer at FSG and he is highly creative and good at solving problems, he is also a good person to have on the team because of his ability to find ideas to bring back to the team.
Colleague 4 – (Resource investigator, Specialist) – Colleague 4 is a contractor from outside the company that occasionally does designs for FSG when more expertise is required or when a new project needs an outside perspective.
After assigning team roles that suit the members of the team, we can see that all the team roles have been assigned and some team roles are filled by multiple members of the team due to their strengths with resource investigator being filled by colleague 3 and four and specialist being filled by the project manager and colleague 4. This was not an issue during the project as even though these roles were filled by multiple people all the members of the team were essential and had their own specific strengths and different knowledge and expertise to bring to the table. The project manager, colleague 1 and colleague 2 were responsible for assembling the press and colleague 3 and 4 were mainly responsible for constructing the design in solid works.
Once the members of the team were selected a meeting was arranged for all the team members to come together and formulate a plan to design and manufacture the press to the specifications and satisfaction of Ilsemann while taking into account sustainability concerns from waste material and to complete the project in a timely manner with regular meetings and updates for the team to input new ideas and tackle problems as the project progresses. This style and approach to the project is very much like Mcgregors theory Y of management where the managers use a participative management style which encourages a more collaborative and trust based approach with all members of the team having a responsibility and their input is valued. (team, 2021) During the design phase it was decided that the press would incorporate an extraction system through the press that should remove waste material and deposit it in a bin that would be used to collect the material so that is could be recycled.
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Description automatically generated]Below is the Gant chart that was created by the team outlying the various components for manufacture, design and assembly through to the delivery to Ilsemann.

The first task for the project manager was a strip and assess of the minster presses that were to be repurposed and refurbished to be used as the resealable end presses, using old presses that were left to FSG by crown after the south wales branch of the company was closed down, using as the base of the new project would save money and allow FSG to bring down the cost of the project significantly. 
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Description automatically generated]this was the result of stripping press one by colleague 1 and colleague 2 removing most of the paint on the press and removing the flywheel, clutch and brake. After stripping the press dimensions were taken and given to the design team to calculate the maximum dimensions for the new resealable end line that would be fitted inside. 
The next step would be for the design team to create the tool using solid works to the required specifications of Ilsemann this task was put in the hands of colleague 3 and colleague 4 with some input form the project manager the assembly model can be seen below.
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At this stage in the project the team was meeting the target date for completing the mechanical design by November 15th due to the diligent work of colleague 3 and 4 and both presses were stripped down, once the design was completed a design review with Ilsemann via Team viewer where they could view our screen and could be walked through our design in detail and give them an update on our timetable for completion, this was required to be done remotely in such a manner because of the pandemic. Some research was done at this stage into the purchase of an acoustic/safety enclosure as the press runs at a noise level of between 95-115 decibels it is advised by the health and safety executive to use noise reduction measures (executive, 2021), This was brought to the attention of Ilsemann but the decision was made not to purchase an enclosure but instead to mandate noise cancellation headgear to reduce the overall cost of the design, Both presses were spray painted in RAL9007 for its corrosion protection properties. (RAL, 2020)
[bookmark: _Toc71924858]Manufacturing and completion of refurbishment
The completion of refurbishment of the presses was done without any problems and the clutch and brake unit was fitted to both presses along with a new flywheel that was purchased for the presses. At this stage in the project manufacturing of the components that would make up the Resealable end tool began, unfortunately for the team and FSG as a whole during the manufacturing of the components the covid 19 pandemic had come to the UK and lockdowns had started to be enforced luckily the company was considered essential due to producing presses and refurbishing tools for the food and drink and also the medical industries but the employees were split into smaller shifts to allow for social distancing measures to be carried out, also there were instances of self-isolation in the factory and some employees not being able to work for two weeks per isolation period delayed the production of components and pushed back delivery dates for all manufactured goods by the company. This setback meant that a revised timetable was necessary for the project and the estimated time of completion was inevitably pushed back.





After a Design review meeting with Ilsemann the final design was updated with some changes to include strengthening struts on the outfeed plate as the feeling was that bolts would not be enough to support the total weight of the complete outfeed unit.[image: Diagram
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Once the parts for the project where manufactured on their sections within the factory it was up to the project manager, colleague 1 and colleague 2 to assemble and fit the components to the press and a team of electrical engineers where employed to do the electrical work required as this was outside the teams area of expertise, Machine guarding was fitted after the team had assembled the lines as seen above and carried out a safety check to ensure that the guarding was in accordance with Health and safety regulations and the Provision and Use of Work Equipment Regulations 1998 which states that effective measures need to be taken to prevent access to dangerous areasof the machinery, (PUWER, 2021) this step was very important as cases of inadequate guarding can be very severe especially for machine presses as such a fixed guard was fitted to the machine and information and instructions on use where documented and sent to Ilsemann.
This next part of the project was the critical phase of the project, this is where the resealable end lines were fully assembled and ready to trial. Initial trail of the press was done with paper to ensure that the cut edges were sharp and that there was no feathering on the edges of the paper which would indicate that the edges were not sharp enough, this initial trial was successful and the team was happy with the result of the paper cut unfortunately once the team had fitted the infeed with the aluminium shells which would serve as the lids of the resealable end can that Ilsemann would be truly using the press for a number of problems arose that caused a series of delays and headaches for the team.
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Description automatically generated]The results of the first paper cut trial of the punches can be seen here.
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At this stage in the development of the press colleague 3 and colleague 4 would not be as heavily involved due to the bulk of the design work being completed and only becoming involved if design changes were deemed necessary or when the team encountered a problem and a meeting was scheduled.
The first problem that was encountered by the team was when running the press at its desired running speed of 350spm, the waste material and aluminium particles that were coming off after each punch were getting stuck and building up inside the tool and eventually this would lead to blockage which would stop the press from running and damaged some of the tooling inside the press as the waste was not getting ejected. The second problem that was encountered while running the press was that the aluminium shells were getting stuck to the cut edges when cutting the outside of the shell, this was causing some of the shells to stick and come out of the feed belt the result of this was the cut edge in line 1 being smashed and a replacement had to be manufactured. These problems were discovered simultaneously, and the team had to schedule a meeting to determine the steps that needed to be taken to rectify the issues that were causing these problems these issues stem from the team using previous knowledge and experience to determine the material for the cut edges and punches and dies.
To Resolve the first issue the project manager worked with colleague 2, 3 and 4 to look at possible solutions for the problem while colleague 1 was stripping down the press and organising new components to be manufactured as some of the internal components were damaged when the press jammed, this came at a cost to FSG that was unforeseen and also contributed to delays in the project. After the team meeting it was decided that the clearances in the punches would be increased to give the waste material more room to pass through the punch and get ejected safely, this would prove to be a time-consuming process as the press was already assembled and some parts that required altering would need to be taken out of the tool and re assembled later as well as modifications to the bolster plate would need to be made to accommodate the changes. The clearances were changed from 0.002 inches to 0.005 inches this change was successful and after this modification was made the press could run significantly longer without any issues form waste material building up behind the punches.
As with previous tooling that FSG has manufactured and assembled the team had chosen tungsten carbide as the material of choice for the cut edges, punches and dies, this material was chosen because of its strength relative to other metals, its rigidity, high resistance to deformation and deflection which is important for the amount of force being applied by the press and also its wear resistance, tungsten carbide will last far longer in cutting tools compared to tool steels. (processors, 2021) The longevity of the tungsten carbide punches and dies was one of the selling points of the project but unfortunately there seems to be a problem with this material when paired with the aluminium shells that were required for the resealable end can, to resolve this issue the team came to the conclusion that trialling coating the carbide cut edges in different metallic coatings to reduce the sticking of the aluminium to the cut edges.
The team came together and researched possible coatings for the cut edges and after some time and input from a third party, the team had selected three different coatings to trial, these coating were T.I.N coating or titanium nitride coating, nitron mc coating and finally DLC or diamond like coating, Wallwork was the company that was selected to coat the cut edges with the different coatings as it is a company that FSG does a lot of business with and is a trusted hardening and coating service provider. 
The first coating that was trialled on the cut edges was Titanium nitride, this coating has a high hardness and low friction combined with moderate resistance to oxidisation, it is applied by physical vapour deposition process. Titanium nitride coating is widely used on presses and is something that has previously been used by the company on previous projects and has shown that it improves the performance and longevity of the cut edges (T.I.N, 2021), unfortunately in this case while it was a perceived slight improvement on the uncoated cut edges it was not a very noticeable improvement and therefore this coating was deemed insufficient for the project.
The second coating that was trialled was the nitron mc coating, this coating was developed by Wallwork for tungsten carbide and came as a recommendation to FSG form Wallwork when queried on what coating solutions they offered. Nitron mc is a coating that had not been previously used by FSG but as this was a new project and trials would need to be undertaken the team decided that it would be beneficial to try this coating as even if it was not the right coating for this project it could prove to be an option for existing tooling that we manufacture or for future projects depending on the effectiveness of the coating. The benefits of the nitron mc coating were stated to be better than coating in titanium nitride by Wallwork and the team was eager to test this, it was stated that it provided improved wear resisting performance and a lower coefficient of friction than titanium nitride (MC, 2021). During the test the project manager and colleague 1 found that nitron mc was indeed an improvement on the previous trial but unfortunately it still did not achieve the desired outcome and there was still some sticking to the cut edges occurring during the trial.
The third and final coating that was trialled was Diamond-like-carbon coating, this coating was the coating that the team was most confident in but was also the most expensive coating to apply. The properties that made this coating so attractive was that it provided greater wear resistance than both of the previous coatings and also provided a lower coefficient of friction which improves with use and lubrication (DLC, 2021), it is a coating that has been used by the company but it was previously not necessary when cutting other aluminium products such as foil trays. During the trial of this coating the project manager and colleague 1 found that it eliminated the problem of the shells sticking to the cut edges almost entirely and it was by far the most successful of the coatings therefore this coating was selected for the press, however a meeting was scheduled, it was decided that more needed to be done to rectify the issue entirely. The solution that the team came up with for this problem was put forward by colleague 4 who suggested a vacuum box be fitted underneath the belt that holds the aluminium shells to create suction to the belt and therefore stop the shells from pulling out of the belt when getting stuck to the cut edges.

After the changes had been made to the press another problem had been found while running that had gone undetected previously, now that the first two problems had been resolved it highlighted a third problem and that was the punches and dies were also made from tungsten carbide. Where the sticking problem of the cut edges could be resolved with a coating and vacuum box this method was not possible on the punches and dies because of the nature of how the waste material is extracted from the press. This was a major setback as new punches and dies would need to be manufactured, the punches and dies are expensive and time consuming to manufacture and this would set back the project considerably. The team once again came together to discuss this problem and what material to make the punches and dies out of, after doing research and once again drawing from previous experience two materials were selected to trial these were D2 and DC53. [image: Graphical user interface
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By looking at this chart we can see that DC 53 should be far better for the needs of this project which shows that DC 53 has close to twice the toughness of D2 and superior wear resistance, the reason behind D2’s inclusion in this trial was due to FSG having previously used D2 in other presses but also because the project was already running behind schedule at this point due to the problems that were encountered and a more suitable opposing material to D2 was originally chosen but due to supply issues it was not feasible to get an acceptable delivery date and therefore it would set the project back even further. 
The two materials were trialled in the press simultaneously D2 in line one and DC53 in line 2 so that the results could be clearly seen as the press was running and the build up of waste material that stuck to the punches and dies could be measured directly against each other. The results of the testing showed that both materials were vastly superior to tungsten carbide and the team thought DC53 was the superior material with less build up of waste on the punches and dies and therefore this material was selected, the team decided at the suggestion of colleague 2 that the punches and dies be coated in titanium nitride to further improve the coefficient of friction of DC53 and increase its wear resistance. Even with the new punches and dies after long periods of operation the press was still seeing a build up of waste material in the press and this was a concern as the press could potentially jam again if left to continuously operate, A load guard was therefore fitted to the press with a sensor to detect if the waste material was clogging the punches and dies, the load guard will stop the operation of the press automatically if the waste material is not passing through the sensors correctly and requires the operator to clean out the press to continue running.
With the completion of the trials the press was now operating to the satisfaction of both FSG and Ilsemann the only thing remaining to be completed by FSG was a factory acceptance test on the press and a standard working procedure for operating the press. Colleague 1 was put in charge of writing a standard operating procedure for the press which would be used by Ilsemann engineers on their site as a user manual and would also include safe working practises, colleague 1 was chosen due to him being heavily involved in the trials and operation of the press, this would also be reviewed by the project manager on completion before being sent to Ilsemann. The factory acceptance test would be carried out at the Ilsemann work site by the managing director, project manager, colleague 1 and colleague 2 to ensure that the press was performing as it had at FSG, this has been a problem for the company in the past when engineers from FSG had not been involved in the initial setting up and operation of the press at a new location due to the inexperience of the new operators. The factory acceptance test would consist of a comprehensive inspection of the press upon re assembly at the new work site, a contract audit of the agreement between FSG and Ilsemann and lastly a water test to ensure that the correct documents were given to ilsemann and to make sure the press was functional. (Mayo, 2017)
[bookmark: _Toc71924860]Conclusion
This project was a large undertaking for FSG and there were significant challenges involved, the problems that were encountered and the need to manufacture more components than was originally in the project plan, with the punches and dies needing to be re-made and damaged components needing to be replaced it put significant strain on the manufacturing side of the business, specifically CNC milling and grinding which were already struggling to keep up with a large increase in orders occurring during the project which caused delays. The affect of the covid 19 pandemic had also hit the manufacturing capacity and with these factors taken into account it was considered fortunate that this project ultimately was completed in January of 2021 over four months behind schedule. A big takeaway from this project for FSG firstly the commendable teamwork that went into tackling the unforeseen problems that faced this project with multiple members contributing ideas that lead to the resolution of the various problems. Another benefit of this project was that FSG learned valuable information on the performance of different coatings on tungsten carbide which is used across numerous tools that the company produces and also the performance of different materials used to manufacture punches and dies when cutting aluminium namely tungsten carbide, D2 and DC53. These trials meant that press 2 would be manufactured and assembled for Ilsemann using the information that was learned from press one.
The negatives that can be taken away from this project are that more research should have been done on the materials that would be used on the punches and dies before manufacturing them, this was a new project and the monetary cost as well as the delays caused by this strained the relationship with Ilsemann. The decision to change the punches and dies from tungsten carbide to DC53 was needed for the project to be a success, however FSG had promised Ilsemann a greater longevity in the cutting components which are the first to wear than would be provided with DC53 and this was a major selling point of the tooling. These factors contributed to a reduced payment to FSG for the presses which meant that the company struggled to make a profit on the project.
The project was ultimately looked on as a minor success for the company as even with the negative outcomes taken into consideration the press that was delivered to Ilsemann performed better than the system that they were currently using as they could only run at a maximum speed of 200spm and was required to pause operation more frequently due to the waste material build up inside the press, the company got a reliable team that is capable of overcoming challenges, gained a great deal of experience for future projects involving aluminium cutting tools and even though the project was not as lucrative as was initially thought the company still managed to stay within an acceptable budget to make a profit.
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